The genetic divergence caused by genetic drift and/or selection is suggested to affect the vectorial capacity and insecticide susceptibility of sand flies, as well as other arthropods.
Introduction
Phlebotomine sand flies are insects of the family Psychodidae in the order Diptera.
Approximately 800 sand fly species have been recorded; however, only some serve as vectors and transmit zoonotic and human diseases such as leishmaniasis (Munstermann, 2004; Kato et al., 2010) .
Sand flies of the genus Lutzomyia are primarily responsible for the transmission of leishmaniasis in the New World (Munstermann, 2004; Kato et al., 2010) . It is becoming obvious that a restricted number of species support the development of specific Leishmania species and consequently transmit them.
Therefore, surveillance of circulating sand flies is important for predicting the risk and expansion of the diseases in endemic and surrounding areas. Sand flies are identified principally based on morphological characteristics (Young and Duncan, 1994) ; however, morphological classifications are not always reliable because of closely-related species and intraspecific variation. Consequently, other characteristics like molecular markers have been explored for the development of reliable tools for species identification, as well as an understanding of intraspecific genetic diversity and population structure (Torgerson et al., 2003; Beati et al., 2004; Terayama et al., 2008; Kuwahara et al., 2009; Fujita et al., 2012) . Although discrepancies between morphologic groupings and the phylogenetic relationships were occasionally found, ribosomal RNA (rRNA) genes were shown to be useful genetic markers for identifying sand flies at the species level (Beati et al., 2004; Terayama et al., 2008; Fujita et al., 2012) . The rRNA internal transcribed spacer (ITS) 1 and ITS2 sequences were also analyzed in sand flies, and their utility for taxonomic purposes, but not for intraspecific analysis, was reported (Kuwahara et al., 2009; Hamarsheh et al., 2009; Belen et al., 2011; Florin et al., 2011) .
It has been suggested that genetic divergence caused by genetic drift and/or selection may affect the vectorial capacity and insecticide susceptibility of sand flies, as well as other arthropods (Lanzaro et al., 1993; Hassan et al., 2012) . Maternally inherited mitochondrial genes reflect the evolutionary history more accurately because of their clonal inheritance, the lack of recombination and higher mutation rate compared with nuclear DNA (Avise, 1994; Rokas et al., 2003) . Thus, mitochondrial genes have been used in population genetics and evolutionary study of vector species including phlebotomine sand flies, and several mitochondrial genes have been applied to estimate the population structure of sand fly species (Esseghir et al., 1997; Ishikawa et al., 1999; Hodgkinson et al., 2003; Hamarsheh et al., 2007; Belen et al., 2011; Florin et al., 2011; Rocha et al., 2011; Cohnstaedt et al., 2012) . Of these, the 3'-end of the cytochrome b (cyt b) gene has proven to be a suitable marker to evaluate genetic structure in Lutzomyia (Lu.) whitmani (Ishikawa et al., 1999) , Lu. longipalpis (Hodgkinson et al., 2003; Rocha et al., 2011) and Lu. verrucarum (Cohnstaedt et al., 2012) . In the present study, cy t b gene sequences including the 5' region were determined in 13 sand fly species circulating in Peru to establish a basis for the analysis of population structure, and the intraspecific genetic diversity was assessed for Lu. peruensis, a main vector species of Leishmania (Viannia) peruviana in the Peruvian Andes (Perez et al., 1991 (Perez et al., , 2007 Kato et al., 2008 Kato et al., , 2011 .
templates for PCR amplification.
2.3.PCR amplification and sequence analysis of Lutzomyia cytochrome b genes
Since Lutzomyia cyt b gene sequences have been determined only in the 3' region, a forward primer cyt-2S (5'-TGATGAAATTTTGGWTCTTTA-3') was designed based on the sequences conserved among Aedes aegypti, Anopheles gambiae, Culicoides arakawa and Drosophila melanogaster. A reverse primer cyt-R (5'-AGTTTCTATCTAATGTTTTC-3') was prepared on the basis of cyt b gene sequences conserved among sand fly species. Another forward primer, cyt-4S
(5'-ATAGCMTTTAATAGTGTAAC-3'), was prepared based on the conserved sequences among Lutzomyia cyt b genes obtained in this study using cyt-2S and cyt-R primers. PCR amplification using cyt-2S and cyt-R primers or cyt-4S and cyt-R primers was carried out in a volume of 15 μl with the primers (0.4 μM each), Ampdirect
Plus (Shimadzu Biotech, Tsukuba, Japan), and high fidelity DNA polymerase (KOD-Plus-ver.2; TOYOBO, Tokyo, Japan). After an initial denaturation at 95˚C for 5 min, amplification was performed with 35 cycles of denaturation (95˚C, 1 min), annealing (50˚C, 1 min) and polymerization (72˚C, 1 min), followed by a final extension at 72˚C for 10 min. The PCR products were directly cloned into the plasmid using a pGEM-T Easy Vector System (Promega, Madison, WI), and plasmid DNA was extracted with a QIAprep Spin Miniprep Kit (QIAGEN, Hamburg, Germany).
The inserts of the plasmids were sequenced by the dideoxy chain termination method using a BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA). For the haplotype analysis, Lu. peruensis cyt b genes were amplified with a set of species-specific primers (Lu.peru cyt S: 5'-AGGAACAGCCTTTATAGGAT-3' and Lu.peru cyt R: 5'-ATTTGACCTGTGAGGATATA-3') with 35 cycles of denaturation (95˚C, 1 min), annealing (55˚C, 1 min) and polymerization (72˚C, 1 min).
PCR products were purified using a FastGene Gel/PCR Extraction kit (NIPPON Genetics) to remove excessive primers, and the sequences were directly determined with a Lu.peru cyt S primer.
2.4.Data analysis
The cyt b sequences were aligned with CLUSTAL W software (Thompson et al., 1994) and examined using the MEGA program (Molecular Evolutionary Genetics Analysis) version 4.0 (Tamura et al., 2007 et al., 2007) . Phylogenetic analyses were performed by the neighbor-joining (NJ) method and maximum parsimony (MP) method with the distance algorithms available in the MEGA package (Tamura et al., 2007) . The number of haplotypes per population, segregating sites, and number of substitutions between haplotypes were determined using DnaSP 5.0 (Rozas et al., 2003) . A haplotype network was constructed based on statistical parsimony using TCS 1.21 (Clement et al., 2000) .
Results

3.1.Sequence analyses of the sand fly cytochrome b gene
To further establish a basis for analysis of intraspecific genetic structure in sand fly populations, cyt b gene sequences including the 5' region were determined in 13 species, Lutzomyia (Lu.) caballeroi, Lu. castanea, Lu. munaypata, Lu. noguchii, Lu. nuneztovari, Lu. ayacuchensis, Lu. peruensis, Lu. nevesi, Lu. robusta, Lu. maranonensis, Lu. verrucarum, Lu. tejadai and Warileya (W.) A phylogenetic analysis was performed on the newly determined 13 cyt b gene sequences to observe the relationships among species. As shown in Fig. 2 
3.2.Haplotype analysis of the Lutzomyia peruensis cytochrome b gene
Intraspecific genetic diversity was assessed in Lu. peruensis. As a first step, an entropy plot using SHiAT, and highly polymorphic sites were observed at nt330-400, nt480-580 and nt620-750 (Fig. 3) . Therefore, the cyt b gene sequence of the 580bp-fragment (nt 315-894) including 3 polymorphic sites was further analyzed in 130
Lu. peruensis collected from 9 Andean areas ( Fig. 1) . The sequence analysis identified the presence of 62 haplotypes with 52 segregating sites (Fig. 4) . No more than two different nucleotides were identified at each segregating site, and neither nonsense mutations nor insertions/deletions were observed (Fig. 4) . Among the haplotypes, transitions outnumbered transversions by 52 to 2 (Fig. 4) . The number of segregating sites (S), the number of haplotypes (H), the genetic diversity estimated from segregating sites (θs), and the nucleotide diversity (π) were calculated for each population (Table 1) . Haplotype analysis showed that 37 sand flies from Huanchoc, Department of Ancash, belonged to 27 haplotypes, and 31 individuals from Ambar, Department of Lima, consisted of 12 haplotypes (Fig. 4 , Table 1 ). In these areas, dominant haplotypes were noted; haplotype Hap5 in Ancash and haplotype Hap3 in Lima (Fig. 4) . Interestingly, populations belonging to Hap5 were also observed in Lima and populations of Hap3 were also distributed in Ancash (Fig. 4) . On the other hand, 37 sand flies from La Cuesta, Department of La Libertad, composed 27
haplotypes each including less than 3 individuals in the absence of apparently dominant haplotype, showing distinct haplotype patterns from Ancash and Lima (Fig. 4) . A higher genetic diversity of the La Cuesta population (θs=1.4%, π=0.67%) was supported by statistical analyses when compared to other populations (θs=0.25-0.71%, π=0.21-0.52%) ( Table 1) . Most flies from Pedregal, a neighboring community of La Cuesta in Department of La Libertad, belonged to the haplotypes of the La Cuesta population (Hap13, Hap21, Hap22 and Hap23), indicating distribution of similar populations in these areas (Fig. 4) . On the contrary, all populations except for one from Ancash and Lima belonged to different haplotypes from those of La Libertad (Fig.   4) . A Tajima's D neutrality test was performed to verify population expansions, and the statistics were zero or negative for all populations with some having significant values, suggesting recent population expansion or genetic bottlenecks (Table 1 ). The genetic divergence between populations was the lowest between Ambar and Jalcan (0.21%), and the highest between La Cuesta and Colcap Bajo (0.98%) ( Table 2 ). The divergences among populations within Departments were the highest (0.60%) in La
Libertad and the lowest (0.21%) in Lima (Table 2) . When the genetic divergence between Departments was analyzed, the populations between Ancash and Lima (0.44%)
were closer when compared those between La Libertad and Ancash (0.82%) and between La Libertad and Lima (0.63 %). Haplotype variation visualized as a gene network showed that the populations of Ancash and Lima had closer relationships, whereas La Libertad populations were apart from those of Ancash and Lima and their genetic structure was highly polymorphic (Fig. 5) .
The haplotype Hap3 seemed to be an ancestor for other haplotypes as it occupied the deep center of the network.
Discussion
In the present study, cy t b gene sequences were determined from 13 sand fly species circulating in Peru and the genetic diversity among and within species was assessed. Phylogenetic analyses of the cyt b gene among species generally supported the morphological classification; however, discrepancies between the morphological classification and phylogenetic relationship of the sequences were noted in the Verrucarum groups as reported in the analyses of rRNA genes (Beati et al., 2004; Terayama et al., 2008; Kuwahara et al., 2009; Fujita et al., 2012) . This result suggested that the cyt b gene analysis will be a useful tool for identification of The genetic background of individual arthropod species and populations within those species are suggested to influence vectorial capacity and insecticide susceptibility (Lanzaro et al., 1993; Hassan et al., 2012) . Since the larvae live in soil and the adults fly mostly less than 1 km (Alexander, 1987; Alexander and Young, 1992; Morrison et al., 1993) . Therefore, a limited range of activity may result in a site-dependent genetic diversity in sand fly populations. In the present study, the cyt b gene was applied for the first time to estimate the population structure of Lu. peruensis, a species responsible for transmission of L. (V.) peruviana distributed in the Peruvian Andes (Perez et al., 1991 (Perez et al., , 2007 Kato et al., 2008 Kato et al., , 2011 . Direct sequence analysis of a 920bp fragment from 36 Lu. peruensis in various geographical locations identified 3 polymorphic sites at nt330-400, nt480-580 and nt620-750 on the Lu. peruensis cyt b 2S-R fragment. In previous studies, a 261bp region of the 3'-end of the cyt b gene was studied for the population analysis in Lu. whitmani and Lu. longipalpis (Ishikawa et al., 1999; Hodgkinson et al., 2002 Hodgkinson et al., , 2003 .
In addition, a recent study characterized a 653bp fragment encoding parts of cyt b, tRNA-Ser and NADH dehydrogenase subunit I genes of Lu. verrucarum (Cohnstaedt et al., 2012) . These regions corresponded to the nt769-1,029 and nt573-1,029 in the Lu. peruensis cyt b gene 2S-R fragment, respectively. Although genetic variation at nt951-1,029 was not analyzed, 3 highly polymorphic sites were identified in the middle region of the cyt b gene in Lu. peruensis.
Therefore, analysis of a longer cyt b gene fragment including the middle region is considered to be useful for the population genetics of sand fly species.
The haplotypes of the 580bp cyt b gene fragments including 3 polymorphic sites were evaluated in 130 sand flies in 3 Departments and 62 haplotypes were identified.
The high number of haplotypes is largely reflected by higher genetic divergence observed in the population from the Department of La Libertad (32 haplotypes from 42 individuals). In general, higher genetic diversity within a geographical location is found in populations that have not undergone drastic size reductions over evolutionary time, while the effect of genetic drift is reduced when the population size is expanding. Table 2 . Genetic divergence between populations of Lutzomyia peruensis using a cytochrome b gene fragment *LCU, La Cuesta; PDL, Pedregal; CLB, Colcap Bajo; CRC, Curcuy; HUA, Huanchoc; ATC, Atocshay; PCH, Pucuhuayllan; AMB, Ambar; JCL, Jalcan. **Lutzomyia ayacuchensis, a member of the subgenus Helcocyrtomyia, was used as an outgroup. La Libertad Ancash Lima
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